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(54) AIR-FUEL RATIO CONTROLLER FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an appropriate air-fuel ratio 
control by estimating the increased part of an intake air amount sucked to 
the inside of a cylinder during an intake valve is closed after synchronous 
fuel injection is started at the time of acceleration judgment and 
asynchronously injecting a fuel amount corresponding to the estimated 
increased part of the intake air amount after synchronous fuel injection is 
started. 

SOLUTION: An acceleration operating condition is judged by acceleration 
judging means 1 3 from such a state whether or not a throttle opening and 
the changing amount of an intake air amount exceed a predetermined 
value, and at the time of acceleration judgment, the changing amount of a 
reference fuel injection amount TP during interruption injection calculating 
timing of the previous time and this time is calculated in intake air 
increased amount estimating means 14, and the changing amount of the 
intake air amount at each calculating interval is estimated. When this 
intake air changing amount is positive that TP is increased than the 
previous time, the intake air changing amount is judged whether or not it 
is larger than a predetermined value by interruption injection amount 
calculating means 15, and in the case that the intake air changing amount 

is at the predetermined value or more, interruption injection is executed. This interruption injection amount is 
calculated on the basis of the estimated value of the increased part of the intake air amount until the intake 
valve is closed after normal fuel synchronous injection. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The air- fuel ratio control system of an internal combustion engine equipped with a means characterized by 
providing the following to calculate fundamental fuel oil consumption according to operational status, a means to add 
the amount of amendments according to operational status to this basic injection quantity, and a fuel-injection means to 
inject this amended fuel oil consumption synchronizing with engine rotation. An acceleration judging means to judge 
whether it is in an acceleration state. A means to presume the increment of the amount of inhalation of air which will 
be inhaled in a cylinder by the time an inlet valve closes after the synchronous fuel-injection start described above at 
the time of this acceleration judging. A means to inject asynchronously the fuel quantity corresponding to this 
presumed amount increment of inhalation of air after a synchronous fuel -injection start. 

[Claim 2] The presumed means of the increment of the aforementioned amount of inhalation of air is the air- fuel ratio 
control system of the internal combustion engine according to claim 1 which presumes the increment of the amount of 
inhalation of air to the timing in front of a predetermined period rather than the stage which an inlet valve actually 
closes. 

[Claim 3] The air-fuel ratio control system of an internal combustion engine according to claim 1 or 2 characterized by 
providing the following. A means to presume the increment of the aforementioned amount of inhalation of air is an 
angle counter set to zero from the stage which the stage which subtracts from the criteria position of the degree of 
crank angle of the cylinder, and an inlet valve closes, or an inlet valve closes before a predetermined period. An angle 
measurement means between operation timing to measure the angle between timing for every asynchronous injection 
operation timing. A means to compute the inhalation-of-air variation between operation timing from the variation of 
the fuel oil consumption between operation timing. The means which carries out the presumed operation of the 
increment of the amount of inhalation of air based on the aforementioned amount variation of inhalation of air after the 
aforementioned synchronous injection start, and the output value of the angle counter at that time. 
[Claim 4] The aforementioned asynchronous injection means is the air-fuel ratio control system of the internal 
combustion engine according to claim 3 which forbids asynchronous injection to which of whether asynchronous 
injection of fuel is performed, or an angle counter is set to 0, or the timing of the earlier one. 
[Claim 5] The aforementioned asynchronous injection means is the air-fuel ratio control system of the internal 
combustion engine of any one publication of the claim 1-4 which forbids asynchronous injection as what asynchronous 
injection of fuel was performed once [ at least ], and the acceleration state ended when the variation of fuel oil 
consumption was negative. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the equipment which controls the air- fuel ratio 

of an internal combustion engine. 

[0002] 

[Description of the Prior Art] A fuel injection valve is arranged to the suction port of an internal combustion engine, 
fuel is injected to the suction port like an engine's exhaust air line synchronizing with engine rotation, and there is a 
fuel supply system which makes this fuel inhale in a cylinder by the following intake stroke. 

[0003] Although the injection quantity of fuel is controlled to become the target air-fuel ratio demanded according to 
operational status, for this reason, the amount of inhalation of air is measured, and fuel oil consumption is determined 
according to this. In order to maintain combustion conditions good and to raise unit power and exhaust air 
composition, it is necessary to make correctly the air- fuel ratio of the gaseous mixture which actually burns within a 
cylinder in agreement with a target air-fuel ratio. 

[0004] Although the newest amount information of inhalation of air is adopted in order to determine the fuel quantity 
injected like an exhaust air line, this amount of inhalation of air may become what was measured before the fuel 
injection timing at least, and the amount of inhalation of air actually inhaled in a cylinder after fuel injection in this 
case may not be strictly in agreement. 

[0005] If it is under an engine's transitional service condition especially, the amount of inhalation of air is also changed 
for every rotational frequency, for example, at the time of acceleration etc., the amount of inhalation of air which will 
actually be inhaled in a cylinder by the time an inlet valve closes by the intake stroke rather than the amount of 
inhalation of air which measured the exhaust air line by which fuel is injected before becomes large, and an air- fuel 
ratio is changed to a RIN side. If an air- fuel ratio is not amended to this, combustion will get worse and operability will 
fall. 

[0006] then, the variation of the amount of inhalation of air until an inlet valve closes the air-fuel ratio in such a 
transient from the time of fuel injection in calculating fuel oil consumption by JP,7~6422,B as an amendment thing - 
predicting ~ this prediction result — being based — fuel oil consumption — an amendment — things are proposed 
[0007] By performing amendment of fuel oil consumption according to the change prediction result of the amount of 
inhalation of air, supply of the fuel corresponding to the amount of inhalation of air actually inhaled in a cylinder is 
performed, it prevents an air-fuel ratio becoming exaggerated RIN at the time of acceleration etc., and operability is 
raised so much. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, generally, from the relation which the whole quantity by which 
the injection timing of fuel was injected must be made to be inhaled in a cylinder in the following intake stroke, the 
injection end stage is decided beforehand, and an injection start stage is calculated so that fuel injection may be 
completed by this injection end stage. If fuel-injection pulse width, such as the time of engine low temperature, 
becomes large especially, supposing time so required for injection will also become long and it will set an injection end 
stage as BTDC20 degree with a crank angle, an injection start stage will become early [ considerable ]. Therefore, 
although an interval until it moves to the following intake stroke and an inlet valve closes from the fuel-injection start 
like an exhaust air line also becomes so long, even though the variation of the amount of inhalation of air is predicted 
and it increases fuel oil consumption since fuel injection is already begun in changing the amount of inhalation of air in 
the meantime, you have to wait till next fuel injection. 

[0009] In this case, the amount of inhalation of air and fuel quantity which are actually inhaled in a cylinder do not 
correspond, but since the gap is not amended, an air-fuel ratio serves as RIN, and a flame failure may be carried out 
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when the worst. 

[001 0] Suitable AFC corresponding to the newest situation is always realized by this invention's predicting the 
variation of the amount of inhalation of air for the purpose of solving such a problem, and interrupting and injecting 
fuel if needed. 
[0011] 

[Means for Solving the Problem] A means by which the 1 st invention calculates fundamental fuel oil consumption 
according to operational status, In the air-fuel ratio control system of an internal combustion engine equipped with a 
means to add the amount of amendments according to operational status to this basic injection quantity, and a fuel- 
injection means to inject this amended fuel oil consumption synchronizing with engine rotation A means to presume 
the increment of the amount of inhalation of air which will be inhaled in a cylinder by the time an inlet valve closes 
after an acceleration judging means to judge whether it is in an acceleration state, and the synchronous fuel-injection 
start described above at the time of this acceleration judging, It has a means to inject asynchronously the fuel quantity 
corresponding to this presumed amount increment of inhalation of air, after a synchronous fuel-injection start. 
[0012] The 2nd invention presumes the increment of the amount of inhalation of air to the timing in front of a 
predetermined period in the 1 st invention rather than the time when an inlet valve actually closes the presumed means 
of the increment of the aforementioned amount of inhalation of air. 

[0013] A means by which the 3rd invention presumes the increment of the aforementioned amount of inhalation of air 
in the 1 st or 2nd invention The angle counter set to zero from the time which the time which subtracts from the criteria 
position of the degree of crank angle of the cylinder, and an inlet valve closes, or an inlet valve closes before a 
predetermined period, An angle measurement means between operation timing to measure the angle between timing 
for every asynchronous injection operation timing, The means which carries out the presumed operation of the 
increment of the amount of inhalation of air based on a means to compute the inhalation-of-air variation between 
operation timing, and the aforementioned amount variation of inhalation of air after the aforementioned synchronous 
injection start and the output value of the angle counter at that time, from the variation of the fuel oil consumption 
between operation timing is included. 

[0014] In the 3rd invention, as for the 4th invention, whether, as for the asynchronous injection means of fuel, 
asynchronous injection of fuel being performed and an angle counter forbid asynchronous injection to which of 
whether to be set to 0, or the timing of the earlier one. 

[0015] The 5th invention forbids asynchronous injection in the 1st - the 3rd invention as that to which asynchronous 
injection of fuel was performed once [ at least ], and the acceleration state ended the asynchronous injection means of 
fuel when the variation of fuel oil consumption was negative. 
[0016] 

[Function and Effect] When it is in the 1st invention and an acceleration state is judged, after the usual fuel injection is 
started, the increment of the amount of inhalation of air until an inlet valve closes is presumed from a changed part of 
fuel oil consumption (fuel-injection pulse width). And by the time it is after the usual synchronous fuel injection and an 
inlet valve closes according to this amount increment of inhalation of air, asynchronous injection of fuel will be 
performed. Even if it is at the acceleration time to which the amount of inhalation of air changes suddenly after the 
start of synchronous injection by this, fuel quantity can change corresponding to the amount of inhalation of air 
actually inhaled in a cylinder, and an actual air-fuel ratio can be maintained at desired value. Therefore, it can prevent 
certainly air-fuel ratios, such as the time of sudden acceleration, serving as exaggerated RIN temporarily, or producing 
a flame failure etc. 

[0017] In the 2nd invention, if it is the same acceleration property, change of the amount of inhalation of air will 
become larger than the time when the direction when an engine rotational frequency is low is high. When an engine 
rotational frequency is low, substantial inhalation of air is completed to timing earlier than the timing which an actual 
inlet valve closes under the influence of spitting etc. For this reason, the actual amount of inhalation of air can be 
judged more to accuracy by presuming the amount of inhalation of air in the timing in front of a predetermined period 
rather than the time of an inlet valve closing. 

[0018] In the 3rd invention, while the inlet valve is actually open after synchronous injection, the increment of the 
amount of inhalation of air inhaled in a cylinder is presumed, the variation of the fuel-injection pulse width for every 
operation timing of the asynchronous injection after a synchronous injection start, and the output value of the angle 
counter at that time, i.e., a period until an inlet valve closes from that time. In this case, since it is considering as the 
criteria of calculation of the fuel oil consumption for between [ every ] operation timing, change of the amount of 
inhalation of air can predict correctly. 

[0019] In the 4th invention, asynchronous injection of fuel is forbidden, when asynchronous injection is already 
performed or an inlet valve closes. Since it will be inhaled by the following intake stroke and the actual air-fuel ratio in 
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the cylinder in the following intake stroke will be changed on the contrary even if it carries out asynchronous injection 
if asynchronous injection has already been carried out, and the inlet valve has closed the air-fuel ratio in an actual 
cylinder in accordance with desired value, when such, addition of the fuel by asynchronous injection is stopping, and 
prevents change of an air- fuel ratio. 

[0020] When the variation of fuel-injection pulse width is negative after asynchronous injection of fuel is performed 
once [ at least ] in the 5th invention, even if the acceleration state was judged The amount of inhalation of air does not 
increase from last time, but the acceleration state which needs acceleration amendment of fuel substantially forbids 
asynchronous injection as what was ended, and, thereby, prevents generating of the error of air-fuel ratio amendment. 
[0021] 

[Embodiments of the Invention] Drawing. 1 shows 1 operation gestalt of this invention, and the fuel injection valve 7 to 
which the combustion chamber of an internal combustion engine and 2 are exhaust air ports, and a piston and 3 inject 
[ 1 / an inlet valve and 4 / an exhaust valve and 5 / a suction port and 6 ] fuel to a suction port 5 is formed. 
[0022] Although a fuel injection valve 7 operates according to the injection signal from a controller 8 and injects fuel 
in principle synchronizing with engine rotation, if needed, it interrupts asynchronously at the time of transient 
operation etc., and is injected at it so that it may mention later. 

[0023] The fuel-injection control performed by the controller 8 can be expressed as a block diagram of drawing 2 . 
[0024] A means to calculate the basic fuel oil consumption TP so that 10 may become a predetermined air-fiiel ratio 
according to operational status, for example, an engine rotational frequency, an inhalation air content, throttle opening, 
etc., and 1 1 receive this basic fuel oil consumption TP. They are an amount operation means of amendments to 
determine the amount of amendments according to engine cooling water temperature etc., and an injection-quantity 
amendment operation means to compute fuel oil consumption by 12 adding the amount of amendments to the basic 
fuel oil consumption TP. by these Synchronizing with engine rotation, the synchronous injection quantity CTi which 
sets like an engine exhaust air line and is injected by the suction port 5 is determined. 
[0025] On the other hand, 13 is an acceleration judging means to judge an engine's acceleration condition, if 
acceleration is judged, an inhalation-of-air augend presumption means 14 to presume the amount of inhalation of air 
which increases in a period until an inlet valve closes after synchronous fuel injection based on change of the basic fuel 
oil consumption TP will be established, and according to this presumed inhalation-of-air augend, the asynchronous fuel 
oil consumption IJSET is computed in the interruption injection-quantity operation means 15. 
[0026] And from the fuel-injection means 16, the these synchronous basic fuel oil consumption CTi and the 
asynchronous fuel oil consumption IJSET are injected. By the time an inlet valve 3 closes asynchronous injection after 
the end of synchronous injection, it will be performed, and without producing response delay, even when changing the 
amount of inhalation of air actually inhaled by the cylinder by this at the time of acceleration etc., fuel is supplied so 
that a predetermined air-fiiel ratio may be maintained. 

[0027] The asynchronous injection at the time of this acceleration is further explained in detail according to the flow 
chart of drawin g 3 and drawing 4 . 

[0028] These routines are repeated every 10ms (an operation interval is 10ms), and judge transient (acceleration) 
operational status at Step 1 in drawing 3 first by whether the variation delta TVO and delta QHO of throttle opening or 
an inhalation air content exceeded the predetermined value. If it is not a transient, it will shift to Step 17 and 
interruption injection (synchronous injection) of fuel will be forbidden. 

[0029] In Step 1, if a transient is judged, it will set to Step 2 and an operation -1, i.e., TPm-TPm, will be computed for 
the variation of the basic fuel oil consumption TP between the interruption injection operation timing of last time and 
this time. This presumes the variation of the amount of inhalation of air in each operation interval (10ms). 
[0030] At Step 3, when it judges whether it is this inhalation-of-air variation TPm-TPm -1<=0 and TP increases at the 
time of positive, i.e., last time, it judges whether the inhalation-of-air variation of a step 4 smell lever is larger than the 
predetermined value LASNI. At the time beyond a predetermined value, in order to perform interruption injection, it 
progresses after Step 5. In addition, as for interruption injection, the state of an increase amendment sake is not 
substantially performed at an end and Step 5 in fuel as what has inhalation-of-air variation small at the time of below 
the predetermined value LASNI at the time of negative with Step 4 (Step 16 or subsequent ones mentioned later). 
[0031] Although the interruption injection permission flag IJCYOM according to cylinder is read at Step 5, this 
IJCYOM is carried out like the flow chart (this routine is also calculated every 10ms) of drawing^ , and is calculated. 
Here, drawin g 4 explains the content of an operation of this interruption injection permission flag. 
[0032] First, at Step 18, it judges whether in k cylinders, synchronous injection was started as the bit number i= 0 and a 
cylinder number k= 1 at Step 19 (in addition in this example, it is carrying out for the 6-cylinder engine). 
[0033] If the usual synchronous injection is started, although it will progress to Step 20 and interruption injection will 
be permitted as biti=l, when synchronous injection is not performed yet, it shifts to Step 26 and interruption injection 
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is forbidden as biti=0. That is, after synchronous injection about basic fuel oil consumption is performed, interruption 
injection is permitted, and interruption injection is forbidden before the start of synchronous injection. 
[0034] When whether interruption injection in k cylinders was performed at Step 21 judges, the output value GZCYn 
of the angle counter classified by cylinder which means the end (inlet-valve close) of an intake stroke judges whether it 
is 0 so that it may mention later at Step 22, when not performing, and affirmed also by either, it shifted to Step 26 and 
interruption injection is forbidden. 

[0035] Interruption injection is stopped until next synchronous injection is completed, since the control precision ot an 
actual air-fuel ratio falls when interruption injection fuel is inhaled in a cylinder in the following cycle, even if 
interruption injection was already made by these or an inlet valve closes and carries out interruption injection. 
[0036] Angle counter GZCYnclassified by cylinder > It progresses to Step 23 at the time of 0, and it is moved to the 
following cylinder by making a cylinder number into k=k +1, and makes a bit number i=i +1 at Step 24. And it judges 
whether the permission flag of the interruption injection about all cylinders was calculated to the case of being i>-6, 
i e., a 6-cylinder engine, at Step 25, and the above operation is repeated until it ends. 

[0037] Thus, about each cylinder, the permission flag IJCYOM of the calculated interruption injection is read in Step 5 
of drawin g 3 , and a bit number is set to i= 0 in Step 6. Here, it shall express 0#1 cylinder of bit(s), bitl=# 2 cylinder, a 
bit2=# 3 cylinder, a bit3=# 4-cylinder, 4#5 cylinder ofbit(s), and bit5=# 6-cylinder. 

[0038] From Step 6, the interruption injection quantity is computed according to a cylinder, first, it judges whether it is 
biti=l at Step 7, and the angle counter GZCYn classified by cylinder at the time of interruption operation permission is 
read at Step 8 a's interruption injection permission (i= 0, getting it blocked in this case # 1 cylinder interruption 
injection permission) at the time of biti=l. , . 

[0039] This angle counter GZCYn classified by cylinder is that to which a counter value is set to 0 to the timing in 
front of a predetermined period rather than the timing which an inlet valve closes to a degree, or this timing from a 
criteria position, for example, a certain position after an intake-stroke end. As shown also in drawing„6 , when the REF 
signal of the degree of crank angle to the cylinder inputs, or an inlet valve closes, by #1 cylinder, the initial value 
CAQEND which is set to zero before the predetermined period is set up. Therefore, the output value GZCYn of the 
read angle counter classified by cylinder expresses the remaining period (the degree of crank angle) until an inlet valve 
closes from that time. 

[0040] If it is the same acceleration property, change of the amount of inhalation of air will become larger than the 
time when the direction when an engine rotational frequency is low is high. When an engine rotational frequency is 
low, substantial inhalation of air is completed to timing earlier than the timing which an actual inlet valve closes under 
the influence of spitting etc. For this reason, the actual amount of inhalation of air can be judged more to accuracy by 
presuming the amount of inhalation of air in the timing in front of a predetermined period rather than the time of an 

inlet valve closing. . . 

[0041] At Step 9, angle reduced property CA10MS per operation interval at the time of this interruption operation 

permission is read, this - for example, since an operation interval is 10ms as shown also in drawing ^ when the engine 

rotational frequency at that time sets to 1200rpm, the degree of crank angle for these 10ms will be called 72 degrees 

[0042] And at Step 10, fuel-oil-consumption deltaTP equivalent to the increment of the amount of inhalation of air 

until an inlet valve closes is computed by carrying out it like the following formula based on these. 

[0043]deltaTP=(GZCYi/CA10MS+l)x(TPm-TPm-l) 

When the amount of inhalation of air increases after synchronous injection was started before an inlet valve closes as 
shown also in drawing 5 , about the increment of the amount of inhalation of air of the time of interruption injection 
being permitted It asks by the augend (augend = rate of increase per operation interval) of the operation interval at that 
time and fuel oil consumption (fuel-injection pulse width) in the meantime. About an increment after interruption 
injection is furthermore permitted until an inlet valve closes, it asks by the ratio of an angle to the operation interval of 
the output value of the angle counter classified by cylinder. 

[0044] Supposing the angle counter GZCYi when it follows, for example, interruption injection is permitted assumes 
the rate of increase of a fuel-injection pulse to be the same at 120 degrees, a counter value will be set to 0 after that 
namely, in between [ until an inlet valve closes ], the increment of the amount of inhalation of air will become 1 20 / 
72= 1 .67 times. However, since 10ms (one operation interval) will have passed by the time this interruption injection is 
permitted after synchronous injection, the increment of the amount of inhalation of air becomes 1+1 .67=2.67 time. 
[0045] Therefore, fuel augend deltaTP corresponding to the inhalation-of-air augend is computable by multiplying by 
the rate of increase (TPm-TPm -1 per unit operation interval) of an actual fuel-injection pulse to this. 
[0046] Thus if the presumed operation of the inhalation-of-air augend is carried out, the response variable of fuel will 
be computed at Step 1 1. The fuel quantity injected to an inhalation-of-air augend with the response characteristic of the 
fuel injected changes. A response foresees the part, needs to inject more fuel, and can be managed with late conditions 
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on the conditions that a response is early at few fuel quantity. In this case, the amount of [ a part for the RF of a rapid 
response and / of a late response ] low frequency is in the response of fuel, and this response variable has become G 
(1). In addition, this response variable is explained in detail in JP,3-1 1 1639, A etc. 
[0047] At Step 12, the interruption injection quantity IJSETi is computed as follows. 

[0048] IJSETi=delta TP/G(1)+TS, however TS are fuel-injection invalid pulse width. And the interruption injection 
quantity IJSETi is outputted at Step 13, and interruption injection in #1 cylinder is performed. 
[0049] Next, it returns to Step 7 until 6-cylinder [ the amount of] ends until it progresses to Step 15 and is set to i>=6 
as i=i +1 at Step 14 that is, and the same operation is repeated. 

[0050] In said step 3, when inhalation-of-air variation is negative, it moves to Step 16, and when judging whether 
interruption injection per time [ at least ] was performed in each cylinder and having injected once or more, as what the 
transient (acceleration) state ended, it shifts to Step 1 7 and interruption injection is forbidden. 
[0051] When the variation of fuel-injection pulse width is negative after asynchronous injection of fuel is performed 
once [ at least ], even if the acceleration state was judged The amount of inhalation of air does not increase from last 
time, but the acceleration state which needs acceleration amendment of fuel substantially forbids asynchronous 
injection as what was ended, and, thereby, prevents generating of the error of air-fuel ratio amendment. 
[0052] Next, an overall operation is explained. 

[0053] If it is judged that it is an engine's operational status at the acceleration time, the fuel interruption injection 
quantity will be computed to perform [ the augend of inhalation of air is detected from the variation of the fuel oil 
consumption per unit period and ] asynchronous interruption injection after synchronous injection of fuel, when this 
augend is beyond a predetermined value. 

[0054] Calculation of this interruption injection quantity presumes the increment of the amount of inhalation of air 
which can be set by the time it closes an inlet valve, after the usual fuel synchronous injection (it sets and performs like 
an engine's exhaust air line, and prepares for the following intake stroke) is performed, and computes it based on this 
estimate. When the variation of the fuel-injection pulse width in every predetermined unit period is computed and this 
variation exceeds a predetermined value after the usual synchronous fuel injection, this asks for a period (however, 
absolute time becomes so short that it changes according to the engine rotational frequency at that time and a rotational 
frequency becomes high) until an inlet valve actually closes from that time, and presumes the augend of the amount of 
inhalation of air from a relation with the period. 

[0055] Thus, if an augend is presumed for every cylinder, the augend of the fuel according to this is computed, by 
making this into the interruption injection quantity, it will be after the usual synchronous injection and interruption 
injection (asynchronous injection) will be carried out in interruption injection timing (operation interval timing for 
10ms) when an increase of the amount of inhalation of air until an inlet valve closes is presumed. 
[0056] For this reason, the exaggerated RIN phenomenon which becomes possible [ being able to increase the quantity 
of fuel corresponding to the amount of inhalation of air which will increase by the time an inlet valve actually closes 
after carrying out synchronous injection even if it is at the time of engine acceleration, and increasing the quantity of 
fuel correctly corresponding to the amount of inhalation of air actually inhaled by the cylinder ], especially is easy to 
happen in early stages of acceleration etc. can be prevented, and a good acceleration property can be demonstrated. 
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